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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of 



fflGASHI, KAZUHIKO 



Appln.No.: PCT/JPOO/03243 



Confinnation No.: NOT YET ASSIGNED 



Group Art Unit: NOT YET ASSIGNED 



Filed: January 22, 2002 



Examiner: NOT YET ASSIGNED 



For: NUMEWCAL CONTROL SYSTEM AND METHOD FOR SETTING 
COMMUNICATION TIMING IN NUMERICAL CONTROL SYSTEM 



Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-identified application as follows: 



Please cancel claims 1-12 without prejudice or disclaimer. 
Please add the foUowing new claims: 

Claims 

13. (New) A numerical control system comprising: 
a numerical control apparatus; 

a communication cable including a data transmission cable for data transmission and a 
data transmission cable for data reception; and 

a plurality of peripheral devices including at least one of a servo amplifier, a spindle 
amplifier and a remote I/O unit, the peripheral devices serially connected with the numerical 



PRELIMINARY AMENDMENT 



IN THE CLAIMS; 



I 



PRELMINAk Y AMENDMENT 
U.S. Application Serial No.: 

control apparatus through the communication cable in order to perform time-division-based 
communications between the numerical control apparatus and the peripheral devices, 

wherein a communication cycle in the communications between the numerical control 
apparatus and the peripheral devices is split into a plurality of sub cycles to process data to be 
processed in the communication cycle in the split plurality of sub cycles. 

14. (New) The numerical control system according to claim 13, wherein an 
emergency stop information section is provided in a conmiunication frame used in the 
coromunications between the numerical control apparatus and the peripheral devices, and an 
emergency stop information section is provided in each piece of data split into the plurality of 
sub cycles. 

15. (New) The numerical control system according to claim 14, wherein each of the 
numerical control apparatus and the peripheral devices comprises a receiving controller for 
checking the emergency stop information section in the received communication frame 
irrespective of the station address specified in the transmitted conamunication frame in case a 
receiving error occurs. 

16. (New) The numerical control system according to claim 14, wherein the 
communication frame comprises a gating off system information section for specifying a system 
to be gated off in the communication frame, 

the numerical control apparatus specifies the system to be gated off in the gating off 
system information section and transmits the communication frame to the peripheral devices, 



PRELIMINARY A^IeNDMENT 
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the peripheral devices performs gates off the peripheral devices per each system specified 
by the communication frame. 

17. (New) A method for setting a communication timing in a numerical control 
system, the numerical control system comprising: a numerical control apparatus; a 
communication cable including a data transmission cable for data transmission and a data 
transmission cable for data reception; and peripheral devices including at least one of a servo 
amplifier, a spindle amplifier and a remote I/O unit, the peripheral devices serially connected 
with the numerical control apparatus through the conmiunication cable in order to perform time- 
division-based communications between the numerical control apparatus and the peripheral 
devices, the method comprising the steps of: 

transmitting a port connection confirmation command to the peripheral devices in initial 
communications, 

recognizing the connection state of the peripheral devices; 

calculating the number of the peripheral devices connected and the transmission timing of 
the peripheral devices from the number of model codes and the order of model codes appended 
to a port information command when a response to the port connection confirmation command 
and the port information command are received from the peripheral devices; and 

transmitting the calculated number of connections and transmission timing to the 
peripheral devices as a node count notice conmiand and a communication timing setup 
command, and 
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transmitting the response to the port connection confirmation command to upstream 
nodes after the port connection confirmation command is received; 

transmitting the port connection confirmation command to downstream nodes after the 
port connection confirmation command is received, 

appending a model code allocated to the port information command in advance to 
transmit the resulting command to upstream nodes; 

retaining the number of connections and transmission timing specified in the node count 
notice conmiand and communication timing setup command when the node count notice 
command and conmiunication timing setup command are received, 

wherein the communication timing of the peripheral devices is automatically set via 
initial communications between the numerical control apparatus and the peripheral devices, 

18. (New) The numerical control system according to claim 13, wherein the 
peripheral devices, when a synchronization frame transmitted from the numerical control 
apparatus is received in initial communications, outputs a synchronization signal and calculates 
the time required for the peripheral devices as the most downstream node to receive the 
synchronization frame, 

19. (New) The numerical control system according to claim 18, wherein the 
peripheral devices calculates a transmission timing that considers a transmission delay between 
peripheral devices based on the connection information transmitted from the numerical control 
apparatus in initial conmiunications. 
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20. (New) The numerical control system according to claim 18, wherein the 
numerical control apparatus and the peripheral devices each has a transmission controller for a 
port 1, a receiving controller for the port 1, a transmission controller for a port 2, and a receiving 
controller for the port 2, 

wherein the numerical control apparatus recognizes the connection state of the peripheral 
devices, calculates the number of the peripheral devices nodes and the transmission timing of 
each of the peripheral devices, calculates the transmission timing in communications between the 
peripheral devices from the data volume of conmiunication frames transmitted to the peripheral 
devices and the data volume of communication frames transmitted by the peripheral devices in 
communications between peripheral devices, and transmits the transmission timing to the 
peripheral devices, 

wherein the peripheral devices retains the node count and transmission timing transmitted 
from the numerical control apparatus in initial communications as well as the transmission 
timing in conmiunications between peripheral devices in order to perform communications 
between peripheral devices by using the transmission timing in the conmiunications between 
peripheral devices. 

21. (New) The numerical control system according to claim 13, wherein the 
numerical control apparatus and the peripheral devices each has a transmission controller for a 
port 1, a receiving controller for the port 1, a transmission controller for a port 2, and a receiving 
controller for the port 2, 
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wherein the numerical control apparatus, on occurrence of an alarm, transmits alarm 
information to devices connected upstream of the transmission controller for the port 1 as well as 
nodes downstream of the transmission controller for the port 2. 

22. (New) The numerical control system according to claim 21, wherein information 
such as an alarm, gating off, and emergency stop included in a communication frame received by 
a port 1 receiving controller or port 2 receiving controller is latched and the information is 
appended to a communication frame to be transmitted from a port 2 transmission controller or 
port 1 transmission controller. 

23. (New) The numerical control system according to claim 13, wherein, when the 
write pointer is out of synchronization with the read pointer in the communication control buffer 
or when the communication control buffer is reset, a first bit pattern output after the read pointer 
has moved is not a specific bit pattern serving as a flag. 

24. The numerical control system according to claim 13, wherein dummy data is 
created for balancing the bit pattern of a start flag and the bit count in data transmission using 
optical transmission modules so as to transmit the dummy data in combination with the start flag. 
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REMARKS 

Entry and consideration of this Amendment is respectfully requested. 

Respectfully submitted, 
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Darryl Mexic 
Registration No. 23,063 
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APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS ; 

Claims 1-12 are canceled. 

Claims 13-24 are added as new claims. 
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PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 
KazuhikofflGASHI 
Appln. No.: PCT/JPOO/03243 

Confimiation No.: NOT YET ASSIGNED Group Art Unit: NOT YET ASSIGNED 

Filed: January 22, 2002 Examiner: NOT YET ASSIGNED 

f|| NUMERICAL CONTROL SYSTEM AND METHOD FOR SETTING COMMUNICATION TIMING IN 
K NUMERICAL CONTROL SYSTEM 

hi 

ft PRELIMINARY AMENDMENT 

Cpfnmissioner for Patents 
\^|ihington, D.C. 20231 




Prior to examination, please amend the above-identified application as follows: 



itfrHE SPECIFICATION ; 

Page 21, Please delete first full paragraph and replace with the following new paragraph: 

Figs. 7(a) 7 (b) 7 (c) 7 (d) 7 (e) shows a command used in initial conmiunications in an NC system 

according to Embodiment 3 of the invention. 

Page 21, Please delete sixth full paragraph and replace with the following new paragraph: 

Figs 12 (a) and 12(b) shows a transmit frame transmission timing setup command for communications 

between servo amplifiers in an NC system according to Embodiment 5 of the invention. 

Page 22, Please delete second full paragraph and replace with the following new paragraph: 
Figs 1 6 (a) and 16 (b) shows a feature to prevent occurrence of an unnecessary start flag in a 

communication control buffer in an NC system according to Embodiment 7 of the invention. 



REMARKS 



Entry and consideration of this Amendment is respectfully requested. 

Respectfully submitted, 

SUGHRUE MION, PLLC /> Darryl Mexic 

2100 Pennsylvania Avenue, N.W. ^ Registration No. 23,063 

Washington, D.C. 20037-3213 

Telephone: (202) 293-7060 

Facsimile: (202) 293-7860 

DlM/ob 

rp^e: January 22, 2002 
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APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION ; 

The specification is changed as follows: 

Page 21, first full paragraph; 

Figs. ? Ksl) 1 (b) 7 (c) 7 (d) 7 (e) shows a conunand used in initial communications in an NC system 
according to Embodiment 3 of the invention. 
Page 21, sixth full paragraph; 

iil 

Figs 45 12 (a) and 12(b) shows a transmit frame transmission timing setup command for 
cgjamunications between servo amplifiers in an NC system according to Embodiment 5 of the invention. 

m s 

5 Page 22, second full paragraph; 

Figs 4^ 16 (a) and 16 (b) shows a feature to prevent occurrence of an unnecessary start flag in a 

cBffcmunication control buffer in an NC system according to Embodiment 7 of the invention. 
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^T ^fPTr.AT. r.ONTRQL SYSTEM AND MRTHQD FQ P .qF.TTTNG romTTNirATTON 
,TIMING IN NUMERIC AL CONTROL SYSTEM 

Technical Field 

The present invention relates to a numerical control 
system (hereinafter referred to as an NC system) wherein 
numerical control (hereinafter referred to as NC) apparatus 
and peripheral devices composed of at least one of a servo 
amplifier, a spindle amplifier and a remote I/O unit are serially 
connected or daisy-chained by using a communication cable 
composed of two data transmission cables, one for transmission 
and one for reception, in order to perform time-division-based 
communications between the numerical control apparatus and the 
peripheral devices, and a method for setting a communication 
timing in the numerical control system. 

Background of the Invention 

Fig. 18 shows a configuration of NC apparatus as a related 
art example, where components in the NC apparatus are 
interconnected via a network. In the figure, a numeral 50 
represents a numerical controller (hereinafter referred to as 
anNC section) , 51 numerical control means (hereinafter referred 
to as NC means) for controlling the entire NC apparatus, 52 



PMC control means for controlling a machine tool, 53 a first 
network controller for controlling a network 60, 54a, 54b shaft 
controllers, 55a, 55b shaft control means for controlling a 
servo driving system, 56a, 56b second network controllers for 
controlling the network 60, 57 a screen controller, 58 screen 
control means for controlling I/O apparatus such as a CRT/MDI, 
and 59 a third network controller for controlling the network 
60. The NC apparatus is composed of an NC section 50, shaft 
controllers 54a, 54b, and a screen controller 57. These 
components are interconnected via the network 60. 

Fig* 19 shows a connection between NC apparatus, driving 
amplifiers and remote I/O units as a related art example. 
In the figure, a numeral 61 represents NC apparatus, 62 (62a/ 
62b) servo amplifiers for driving a servo motor (not shown) f 
63 (63a, 63b) spindle amplifiers for driving a spindle motor 
(not shown), 64 (64a, 64b) remote I/O units as external I/Os 
of the NC apparatus 61, and 65 (65a, 65b) line terminals. A 
numeral 66 (66a-66f) represents ID setup switches mounted on 
the servo amplifiers 62, spindle amplifiers 63 and remote I/O 
units 64 connected to the NC apparatus 61 in order to assign 
a station address and a communication time. A numeral 67 (67a, 
67b) represents a communication hardware setup switches mounted 
on the remote I/O units. 

A numeral 7 0 represents a data transmission cable for 
communications from the NC apparatus 61 to the servo amplifiers 



62 and the spindle amplifiers 63 (hereinafter referred to as 
driving amplifiers) , 71 a data transmission cable for 
communications from the driving amplifiers to the NC apparatus 
61, 72 a data transmission cable for an emergency stop signal, 
and 73 a data transmission cable for a servo alarm. A servo 
communication line 74 is composed of four pairs of the 
aforementioned data transmission cables 70 through 73 . Aremote 
I/O communication line 7 6 is composed of a data transmission 
cable 75 for communications between the NC apparatus and the 
remote I/O units. 

The NC apparatus 61 is connected to the driving amplifiers 
(servo amplifiers 62, spindle amplifiers 63) and the servo 
communication lines 74 and the connection is terminated by the 
line terminal 65a • The NC apparatus is connected to the remote 
I/O units 64 and the remote I/O communication line 76 and the 
connection is terminated by the line terminal 65b. 

Fig. 20 shows a serial connection between NC apparatus 
and driving amplifiers as a related art example . In the figure, 
a numeral 61 represents NC apparatus, 62 (62a, 62b) servo 
amplifiers 63 (63a, 63b) spindle amplifiers, 77 a transmission 
controller, and 78 a receiving controller. As shown in the 
figure, the NC apparatus 61, the servo amplifiers 62 (62a, 62b) 
and the spindle amplifiers 63 (63a, 63b) each has a transmission 
controller 77 and a receiving controller 78 used as a pair. 

Fig. 21 shows communications in the NC system (one 



coininunication cycle) as a related art example . Fig. 21(a) shows 
communications between NC apparatus and driving amplifiers (one 
communication cycle) . Fig. 21(b) shows communications between 
NC apparatus and remote I/O units (one communication cycle) . 

In Fig. 21(a), a numeral 80 (80a, 80b) represents 
communication frames transmitted from NC apparatus to driving 
amplifiers, and 81 (81a-81g) communication frames transmitted 
from a driving amplifier to NC apparatus. Communications 
between NC apparatus and driving amplifiers use a bidirectional 
full-duplex communication systemvia apair of data transmission 
cables 70 and a pair of data transmission cables 11, as shown 
in Fig. 19. 

In the communications from NC apparatus to driving 
amplifiers using the data transmission cable 70, the NC apparatus 
61 as a master station an arbitrary number of communication 
frames 80 to destination driving amplifiers in an arbitrary 
time during a communication cycle. A driving amplifier as a 
slave station constantly supervises the communication frames 
8 0 transmitted from the NC apparatus 61 via the receiving 
controller 78 shown in Fig. 20 and receives the coimaunication 
frames destined for the driving amplifier. 

In the communications from a driving amplifier to NC 
apparatus using the data transmission cable 71, any one of a 
plurality of driving amplifiers may serve as a master station. 
Thus, the communication cycle undergoes time-division via a 



plurality of driving amplifiers and shared by the driving 
amplifiers and a driving amplifier as a master station transmits 
communication frames 81 (81a-81g) in a split communication time 
assigned. The NC apparatus 61 as a slave station receives the 
communication frames 81 transmitted from the other master 
stations on a per split communication time basis. 

In Fig. 21(a), a numeral 82 (82a-82e) represents 
communication frames transmitted from the NC apparatus 61 to 
the remote I/O units 64, and 83 (83a-83e) communication frames 
transmitted from the remote I/O units 64 to the NC apparatus 
61, As shown in Fig, 19, communications between NC apparatus 
and remote I/O units use a half-duplex communications system 
where the data transmission cable 75 for communications between 
NC apparatus and remote I/O units is shared by the NC apparatus 
61 as a master station and a plurality of remote I/O units 64 
and data is transmittedbased on time division of a communication 
cycle. 

One of the NC apparatus 61 and a plurality of remote I/O 
units 64 acts as a mater station and transmits communication 
frames 82 or communication frame 83. Devices other than the 
master station supervise the transmitted communication frames 
82 as slave stations and receive communication frames 82 destined 
therefor. 

In the aforementioned Fig, 21(a) and Fig. 21(b), in 
communications from a driving amplifier or remote I/O unit to 



NC apparatuS;^ any one of a plurality of driving amplifiers and 
remote I/O units may serve as a master station. Thus, in order 
to perform time-division-based communications from a remote 
I/O unit to NC apparatus, communication time must be assigned 
so that the remote I/O units will not use time-division-based 
communication time in a overlapped fashion. Assignment of a 
station addresses and communication times is made by specifying 
ID numbers by using the ID setup switches 66. 

Fig. 22 shows a configuration of a communication frame 
as a related art example. In case a plurality of slave stations 
exist, slave stations each is given its own station address. 
The master station specifies a specific slave station to perform 
communications with the slave station alone. In the figure, 
a numeral 84 represents a start flag, 85 a station address, 
8 6 data, 87 a CRC (cyclic redundancy check) , and 88 an end flag. 
The slave station supervises the station address 85 in the 
transmitted communication frame. The slave station receives 
the communication frame in case the station address has matched 
the pre-allocated station address or the station address 
specifies all the slave stations. 

As mentioned earlier, in a related art NC system, 
communications between NC apparatus and driving amplifiers use 
a communications method including a communication cycle 
different from that communications between NC apparatus and 
remote I/O units, as shown in Figs. 21(a) and 21 (b) . Thus the 



driving amplifiers and remote I/O units are connected to the 
NC apparatus via separate transmission lines as shown in Fig, 
19. This leads to a problem of increased number of cables and 
more complicated wiring. 

Fig. 23 shows communications (one communication cycle) 
as a related art example. By executing time-division of a 
communication cycle using a plurality of peripheral devices 
composed of driving amplifiers and remote I/O units, 
communications are performed while driving amplifiers and 
remote I/O units having different communication cycles are 
connected to the same transmission line. This configuration 
uses a single communication line, unlike a plurality of 
separate communication lines used as communication cables for 
driving amplifiers and coimciunication cables for remote I/O 
units . 

Fig. 23 shows the use state of the communication time 
of communication frames used in communications f romNC apparatus 
to peripheral devices (servo amplifiers, spindle amplifiers, 
remote I/O units) and communications from peripheral devices 
to NC apparatus. In the figure, a numeral 89 (89a-89f) 
represents communication frames f romNC apparatus to peripheral 
devices, 90 (90a-90f) communication frames from peripheral 
devices to NC apparatus. In communications from numerical 
control to peripherals devices, numerical control may serve 
as a master station. As shown in the figure, communication 



frames 89 are output by NC apparatus as a master station at 
an arbitrary time within the communication cycles. 

In communications from peripherals devices to numerical 
control, any one of a plurality of peripheral devices may serve 
as a master station. Thus, the communication cycle undergoes 
time division and split communication times are assigned to 
peripheral devices without overlapping. A peripheral device 
acts as a master station only in the assigned time and 
communicates to NC apparatus as a slave station. As shown in 
the figure, communication frames 90 destined for NC apparatus 
are output from the peripheral device as a master station in 
the time assigned to the master station. 

As mentioned earlier, it is possible to perform 
communications by connecting peripheral devices having 
different communication cycles to the same transmission line. 
In case time division is made in the peripheral device acting 
as a master station, it is necessary to perform communications 
in the shortest coimnunication cycle. Thus the communication 
time is also assigned to devices that do not require a short 
communication cycle thereby worsening the communication 
efficiency. 

In a related art NC system, as sow in Fig. 19, 
communications between NC apparatus and driving amplifiers use 
two pairs of data transmission cables for reporting an emergency 
stop signal that is not used in ordinary communications, on 



top of two pairs of data transmission cables for data 
communications. This leads to higher costs with respect to 
features and use frequency. These cables also complicates the 
wiring • 

An approach is envisaged that two pairs of data 
transmission cables for reporting an emergency stop signal are 
omitted by providing a communication frame dedicated to an 
emergency stop signal and communicating an emergency stop signal 
in a communication cycle by using two pairs of data transmission 
cables for data communications. However, in case an emergency 
stop signal is transmitted in a dedicated communication frame, 
it is necessary to assign a time to accommodate a communication 
frame dedicated to an emergency stop signal in a communication 
cycle, thus requiring sufficient time. Further, in order to 
assure real-time conveyance of emergency stop information, it 
is necessary to insert a plurality of communication frames 
dedicated to an emergency stop signal in a communication cycle. 
When sufficient time is not available to follow such a procedure, 
quick conveyance of emergency stop information is disabled. 

In case a communication frame dedicated to an emergency 
stop signal is not provided but emergency stop information is 
appended in a communication frame for transmission used in 
ordinary communications, it is necessary to check for emergency 
stop information on a per communication frame basis in order 
to detect emergency stop information in real time. This leads 



to a longer wait time in CPU processing caused by data retrieval 
from all the communication frames transmitted, thereby 
degrading the CPU performance. 

An approach is envisaged that optical transmission module 
supporting high-speed data transmission are used in order to 
assure real-time conveyance of emergency stop information. 

However, in case data transmission is performed via serial 
connection using optical transmission modules as a plurality 
of driving amplifiers composed of servo amplifiers and spindle 
amplifiers, high-speed data transmission is effected via a 
lightwave signal in a fiber-optic cable but transmission delay 
is generated in a driving amplifier, because it is necessary 
to convert a received lightwave signal to an electric signal, 
extract a data component and a clock component from the electric 
signal, store the components in a buffer, then transmit the 
components in synchronization with a transmit clock. This 
transmission delay accumulates as often as the number of 
connected driving amplifiers so that a time lag occurs in a 
synchronization signal receiving time depending on the location 
of connection (in which ordinal rank from the NC apparatus the 
target driving amplifier is connected) even when a 
synchronization signal is transmitted from NC apparatus to a 
driving amplifier on a per communication cycle basis. This 
causes dislocation of the synchronization timing between 
driving amplifiers even if the driving amplifier performs 



synchronization at the moment it has received a synchronization 
signal . 

Fig. 24 shows the operation of a communication control 
buffer in communications using optical transmission modules 
as a related art example • In the figure, a numeral 91 represents 
a communication control buffer composed of a 32-bit FIFO 
(first-in, first-out), 92 a write pointer, and 93 a read pointer . 

The write pointer 92 writes 1-bit receive data in 
synchronization with the clock component of the receive data 
and shifts the pointer by one bit. The read pointer 93 reads 
1-bit data from the communication control buffer in 
synchronization with the clock component of the transmit data 
and shifts the pointer by one bit. Moving speed of the write 
pointer 92 does not match the moving speed of the read pointer 
93. In case the transmit clock component is faster than the 
receive clock component, the read pointer 93 passes the write 
pointer 92 thus causing the bit pattern of a flag to be generated 
inadvertently. In order to prevent the bit pattern of a flag 
from being generated inadvertently while processing effective 
data, the number of data pieces in one-round transmit frame 
is limited so as to prevent the pointer passing phenomenon and 
the write pointer 92 is placed 1 6 bits apart from the read pointer 
93 each time the flag of a frame is received. 

In the aforementioned optical transmission module 
supporting high-speed transmission, restriction on the 
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structure of bits in data is provided, such as ''The number of 
successive Is or Os in transmission data shall be seven or below, " 
and ^'The incidence of 1 and 0 in transmission data is 50 percent, " 
in order to normally extract the data component and the clock 
component of receive data. In general a flag is appended at 
each of the head and tail of a transmit frame. When a bit 
structure such as ^^01111110" is selected for a bit pattern as 
a flag and the bit pattern is transmitted more than once, the 
incidence of ''1'' is excessively higher than that of ^'0" thus 
considerably degrading the communication performance in the 
optical transmission module thus preventing successful 
extraction of data component and clock component. 

The method to set ID numbers using switches and to specify 
station addresses and communication times (transmit timing) 
for time-division-based communications leads to higher costs 
due to increased number of parts including switches, cumbersome 
setting work, increased set time, and human setting errors. 

Communications in a related art NC system has a 
transmission controller and a receiving controller used as a 
pair. In this configuration, data communications between 
driving amplifiers are disabled, for example, data transmitted 
by the servo amplifier 62a to the NC apparatus 61 cannot be 
received by the servo amplifier 62b or the spindle amplifier 
63b. Thus, data must be communicated by way of NC apparatus 
and high-speed inter-shaft correction is disabled. 
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The invention has been proposed to solve the foregoing 
problems. The first object of the invention is to provide a 
numerical control system that allows efficient communications 
wherein numerical control apparatus and peripheral devices 
composedof at least one of a servo amplifier, a spindle amplifier 
and a remote I/O unit are serially connected by using a 
communication cable composed of a data transmission cable for 
transmission and a data transmission cable for reception in 
order to perform time-division-based communications between 
the numerical control apparatus and the peripheral devices. 

The second object of the invention is to provide a numerical 
control system that can transmit information related to 
emergency stop such as an alarm, gating off, and emergency stop 
in real time without using two pairs of twisted-pair cables 
dedicated to reporting of an emergency stop signal. 

The third object of the invention is to provide a numerical 
control system that can set station addresses and communication 
times (transmit timing) for time-division-based communications 
without setting ID numbers via switch operation. 

Another object of the invention is to provide a numerical 
control system that can perform synchronous control of a 
plurality of peripheral devices. 

Another object of the invention is to provide a numerical 
control system that can communicate between peripheral devices . 

Another object of the invention is to provide a numerical 
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control system that can transmit information related to 
emergency stop such as an alarm, gating off, and emergency stop 
to devices connected upstream (hereinafter referred to as 
upstream nodes) as well as devices connected downstream 
(hereinafter referred to as downstream nodes) . 

Another object of the invention is to provide a numerical 
control system wherein, during data transmission using optical 
transmission modules, even in case the write pointer is out 
of synchronization with the read pointer in the communication 
control buffer or in case the communication control buffer is 
reset, a bit pattern obtained after the read pointer has moved 
is not a specific bit pattern serving as a flag* 

Another object of the invention is to provide a numerical 
control system that maintains communication performance by 
bring the number of Is and the number of Os in balance for a 
start flag that is frequently used. 

Disclosure of the Invention 

A numerical control system of the invention is a system 
wherein numerical control apparatus and peripheral devices 
composed of at least one of a servo amplifier, a spindle amplifier 
and a remote I/O unit are serially connected by using a 
communication cable composed of a data transmission cable for 
transmission and a data transmission cable for reception in 
order to perform time-division-based communications between 
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said numerical control apparatus and said peripheral devices, 
characterized in that a communication cycle in communications 
between said numerical control apparatus and said peripheral 
devices is split into a plurality of sub cycles in order to 
process data to be processed in said communication cycle in 
said split plurality of sub cycles. 

A numerical control system of the invention is a system 
characterized in that an emergency stop information section 
is provided in a communication frame used in communications 
between said nxomerical control apparatus and said peripheral 
devices in order to provide an emergency stop information section 
in each piece of data split into said plurality of sub cycles. 

A numerical control system of the invention is a system 
characterized in that a receiving controller in each of said 
numerical control apparatus and said peripheral devices checks 
the emergency stop information section in the received 
communication frame irrespective of the station address 
specified in the transmitted communication frame in case a 
receiving error has not occurred. 

A numerical control system of the invention is a system 
characterized in that a gating off system information section 
for specifying a system to be gated off in said communication 
frame, that said numerical control apparatus specifies a system 
to be gated off in said gating off system information section 
before transmitting the frame to said peripheral device in case 



gating off is to be instructed, and that said peripheral device 
performs gates off said peripheral device on a per gating off 
system specified, by performing gating off when the system that 
belongs to the gating off system information section of a 
received communication frame is specified as a gating of f system . 

A method for setting a communication timing in the 
niomerical control system of the invention is a method wherein 
nxomerical control apparatus and peripheral devices composed 
of at least one of a servo amplifier, a spindle amplifier and 
a remote I/O unit are serially connected by using a communication 
cable composed of a data transmission cable for transmission 
and a data transmission cable for reception in order to perform 
time-division-based communications between said numerical 
control apparatus and said peripheral devices, 
wherein said numerical control apparatus follows a step 
of transmitting a port connection confirmation command to said 
peripheral device in initial communications, 

a step of recognizing the connection state of said 
peripheral devices and calculating the number of saidperipheral 
devices connected and the transmission timing of each of said 
peripheral devices from the number of model codes and the order 
of model codes appended to a port information command in case 
a response to a port connection confirmation command and a port 
information command are received from said peripheral device, 
and 



a step of transmitting said calculated number of 
connections and transmission timing to said peripheral device 
as a node count notice command and a communication timing setup 
command, and 

wherein said peripheral device follows, on receiving said 
port connection confirmation command, a step of transmitting 
said response to a port connection confirmation command to 
upstream nodes as well as transmitting said port connection 
confirmation command to downstream nodes, 

a step of appending a model code allocated to said port 
information command in advance and transmitting the resulting 
command to upstream nodes, and 

a step of retaining said number of connections and 
transmission timing specified in said node count notice command 
and communication timing setup command in case said node count 
notice command and communication timing setup command are 
received, 

characterized in that the communication timing of said 
peripheral device is automatically set via initial 
communications between said numerical control apparatus and 
said peripheral devices. 

A numerical control system of the invention is a system 
characterized in that said peripheral device, on receiving a 
synchronization frame transmitted from said numerical control 
apparatus in initial communications, outputs a synchronization 



signal and calculates the time required for said peripheral 
device as the most downstream node to receive said 
synchronization frame. 

A numerical control system of the invention is a system 
characterized in that said peripheral device calculates a 
transmission timing that considers a transmission delay between 
peripheral devices based on the connection information 
transmitted from said numerical control apparatus in initial 
communications . 

A numerical control system of the invention is a system 
wherein said numerical control apparatus and said peripheral 
device each has a transmission controller for Port 1, a receiving 
controller for Port If a transmission controller for Port 2, 
and a receiving controller for Port 2, 

characterized in that said numerical control apparatus 
recognizes the connection state of said peripheral devices, 
calculates the number of said peripheral device nodes and the 
transmission timing of each of said peripheral devices, 
calculates the transmission timing in communications between 
said peripheral devices from the data volume of communication 
frames transmitted to saidperipheral devices and the data volume 
of communication frames transmitted by saidperipheral devices 
in communications between peripheral devices, and transmits 
the transmission timing to said peripheral devices, 

and that said peripheral device retains the node count 



and transmission timing transmitted from said numerical control 
apparatus in initial communications as well as the transmission 
timing in communications between peripheral devices in order 
to perform communications between peripheral devices by using 
the transmission timing in the coimnunications between 
peripheral devices. 

A numerical control system of the invention is a system 
wherein said numerical control apparatus and said peripheral 
device each has a transmission controller for Port 1, a receiving 
controller for Port 1, a transmission controller for Port 2, 
and a receiving controller for Port 2, 

characterized in that said numerical control apparatus, 
on occurrence of an alarm, transmits alarm information to devices 
connected upstream of said transmission controller for Port 
1 as well as nodes downstream of said transmission controller 
for Port 2 . 

A numerical control system of the invention is a system 
characterized in that information such as an alarm, gating off, 
and emergency stop included in a communication frame received 
by Port 1 receiving controller or Port 2 receiving controller 
is latched and the information is appended to a communication 
frame to be transmitted from a Port 2 transmission controller 
or Port 1 transmission controller. 

A numerical control system of the invention is a system 
characterized in that, in case the write pointer is out of 



synchronization with the read pointer in the communication 
control buffer or in case the communication control buffer is 
reset, a first bit pattern output after the read pointer has 
moved is not a specific bit pattern serving as a flag* 

A numerical control system of the invention is a system 
characterized in that dummy data is created for balancing the 
bit pattern of a start flag and the bit count in data transmission 
using optical transmission modules so as to transmit the dummy 
data in combination with the start flag. 

Brief Description of the Drawings 

Fig. 1 shows a configuration of an NC system according 
to Embodiment 1 of the invention. 

Fig. 2 shows a structure of a communication frame used 
in communications between NC systems according to Embodiment 

1 of the invention. 

Fig. 3 shows a flow of emergency stop information in an 
NC system according to Embodiment 1 of the invention. 

Fig. 4 shows communications between NC systems according 
to Embodiment 1 of the invention. 

Fig. 5 shows a structure of a communication frame used 
in communications between NC systems according to Embodiment 

2 of the invention. 

Fig. 6 shows a connection between NC apparatus and servo 
amplifiers according to Embodiment 2 of the invention. 



Fig, 7 shows a coinmand used in initial communications 
in an NC system according to Embodiment 3 of the invention. 

Fig. 8 is a flowchart in the initial communications on 
the NC apparatus in an NC system according to Embodiment 3 of 
the invention. 

Fig. 9 is a flowchart in the initial communications on 
the peripheral devices (driving amplifiers such as servo 
amplifiers and spindle amplifiers and remote I/O units) in an 
NC system according to Embodiment 3 of the invention. 

Fig. 10 is a flowchart in the initial communications on 
the peripheral devices {driving amplifiers such as servo 
amplifiers and spindle amplifiers and remote I/O units) in an 
NC system according to Embodiment 3 of the invention. 

Fig. 11 shows the state of data transmission by an optical 
transmission module in an NC system according to Embodiment 

4 of the invention. 

Fig. 12 shows a transmit frame transmission timing setup 
command for communications between servo amplifiers in an NC 
system according to Embodiment 5 of the invention. 

Fig. 13 shows a flow of data transmitted fromNC apparatus 
to servo amplifiers in an NC system according to Embodiment 

5 of the invention. 

Fig. 14 shows a flow of data transmitted from servo 
amplifiers to NC apparatus in an NC system according to 
Embodiment 5 of the invention. 



Fig. 15 is a logic diagram showing a feature to 
relay-transmit an emergency stop related signal in a 
communication controller in an NC system according to Embodiment 
6 of the invention. 

Fig. 16 shows a feature to prevent occurrence of an 
unnecessary start flag in a comiaunication control buffer in 
an NC system according to Embodiment 7 of the invention. 

Fig. 17 shows a method for providing a balance with the 
bit count in a flag in data transmission using optical 
transmission modules in an NC system according to Embodiment 
8 of the invention. 

Fig. 18 shows a configuration of NC apparatus as a related 
art example. 

Fig. 19 shows a connection between NC apparatus, driving 
amplifiers and remote I/O units as a related art example. 

Fig. 20 shows a serial connection between NC apparatus 
and driving amplifiers as a related art example. 

Fig. 21 shows communications in the NC system (one 
communication cycle) as a related art example. 

Fig. 22 shows a configuration of a communication frame 
as a related art example. 

Fig. 23 shows communications in the NC system (one 
communication cycle) as a related art example. 

Fig. 24 shows the operation of a communication control 
buffer in communications using optical transmission modules 
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as a related art example. 



Best Mode for Carrying Out the Invention 
Embodiment 1 

Fig, 1 shows a configuration of an NC system according 
to Embodiment 1 of the invention, where communications are 
performed with driving amplifiers (servo amplifiers, spindle 
amplifier) and remote I/O units connected to the same 
transmission line. In the figure, a niomeral la represents NC 
apparatus, 2a a servo amplifier, 3a a spindle amplifier, 4a 
a remote I/O unit, 5 Port 1, 6 Port 2,7 a communication cable 
for transmission, 8 a communication cable for reception, 11 
a CPU for controlling the NC apparatus la, 12 a CPU for controlling 
the servo amplifier 2a, 13 a CPU for controlling the spindle 
amplifier 3a, 14 a CPU for controlling the remote I/O unit 4a, 
15 (15a, 15b, 15c, 15d) transmission controllers for Port 1 
(PI), 16 (16a, 16b, 16c, 16d) receiving controllers for Port 
1 (PI), 17 (17a, 17b, 17c, 17d) transmission controllers for 
Port 2 (P2), and 18 (18a, 18b, 18c, 18d) receiving controllers 
for Port 2 (P2) . 

An NC system shown in Fig. 1 comprises the NC apparatus 
la and peripheral devices composed of the servo amplifier 2a, 
the spindle amplifier 3a and the remote I/O unit 4a, said NC 
apparatus and said peripheral devices serially connected using 



a single common communication line composed of the communication 
cable for transmission 7 and a communication cable for reception 
8^ 

Fig. 2 shows a structure of a communication frame used 
in communications between NC systems according to Embodiment 
1 of the invention, where an emergency stop information section 
is provided in a communication frame in order to convey an 
emergency stop signal over an ordinary transmission path* In 
the figure, numerals 84 through 88 are same as those in Fig- 
22 as a related art example and corresponding description is 
omitted. A numeral 20 represents an emergency stop information 
section, 21 EMG as emergency stop information, 22 GOFF as gating 
off information for gating off via emergency stop or servo off 
event, and 23 ALM as alarm information. The emergency stop 
information section 20 includes information of EMG 21, GOFF 
22 and ALM 23. 

Fig. 3 shows a flow of emergency stop information in an 
NC system according to Embodiment 1 of the invention. 

When an alarm ALM is input to the servo amplifier 2a, 
the servo amplifier 2a executes alarm processing as well as 
appends an ALM bit to bit 0 of the emergency stop information 
section 20 of a communication frame, then transmits the frame 
to the NC apparatus la. The NC apparatus la, in case an ALM 
bit is appended to the emergency stop information section 20 
of a received communication frame, appends an EMG bit to bit 



2 of the emergency stop information section 20 of a communication 
frame to be transmitted, in order to notify ^^occurrence of EMG.'^ 
The servo amplifier 2a connected to the NC apparatus la, in 
case an EMG bit is appended to the emergency stop information 
section 20 of a received communication frame, performs emergency 
stop processing. While an example of numerical control and 
servo amplifiers is shown in the figure, spindle amplifiers 
or remote I/O units may be used instead of servo amplifiers. 

Transmission controllers for Port 1 (PI) 15, receiving 
controllers for Port 1 (PI) 16, transmission controllers for 
Port 2 (P2) 17, and receiving controllers for Port 2 (P2) 18 
of NC apparatus, driving amplifiers and remote I/O units, in 
case a receiving error is not detected (CRC check OK) , checks 
the ALM/GOFF/EMG bit present in the emergency stop information 
section 20 in the received communication frame and respectively 
perform emergency stop processing in the case of ^^^^ occurrence 
of EMG."' 

The ALM/GOFF/EMG bit in the received communication frame 
is checked only when a receiving error is not detected, so that 
it is possible to convey emergency stop information without 
performing unnecessary data extraction/buffering thus 
enhancing the real-time conveyance of emergency stop 
information. 

Fig. 4 shows communications between NC systems according 
to Embodiment 1 of the invention, where the sub cycle ts (111 



/xs) obtained by splitting the main cycle tm (1.7 ms) into 16 
pieces is used to transmit data. Data transmitted in the main 
cycle tm is split into 16 pieces of data, which are transmitted 
in sub cycle tsl through tsl6. An emergency stop information 
section is included in each of the 16 data pieces. While an 
example of numerical control and servo amplifiers is shown in 
the figure, spindle amplifiers or remote I/O units maybe used 
instead of servo amplifiers. 

while a driving amplifier (servo amplifier, spindle 
amplifier) transmits data to the NC apparatus once in a main 
cycle in the related art apparatus so that notice is made only 
once per servo synchronization cycle, data is split into 16 
pieces ad each data piece is transmitted once in a sub cycle 
(emergency stop information is also transmitted in this 
practice) in Embodiment 1. This assures real-time conveyance 
of emergency stop information. 

While a main cycle of 1.7 ms and a sub cycle of 111 /x 
s obtained by splitting the main cycle into 1 6 pieces are shown 
in the foregoing example, the main cycle and the sub cycle are 
determined according to the configuration of the NC system, 
required accuracy and required specifications and thus are not 
limited to these values. 

While a servo amplifier transmits data once in a sub cycle 
in the foregoing example, the servo amplifier may transmit data 
a plurality of times in a sub cycle in order to provide more 



frequent conveyance of emergency stop information and to enhance 
real-time conveyance of emergency stop information. 

Embodiment 2 

Fig. 5 shows a structure of a communication frame used 
in communications between NC systems according to Embodiment 
2 of the invention. In the figure, numerals 21 through 23 are 
same as those in Fig. 2 shown in Embodiment 2 and corresponding 
description is omitted. A numeral 24 represents GOFF system 
information for specifying a system to be gated off allocated 
to bit 4 through bit 7 of the emergency stop information section 
20. 

Fig. 6 shows a connection between NC apparatus and servo 
amplifiers according to Embodiment 2 of the invention. This 
is an example of anNC system where peripheral devices connected 
to NC apparatus are classified into two systems. System 1 and 
System 2 for separate control. In the figure, a numeral la 
represents NC apparatus, numerals 2bl, 2b2 servo amplifiers 
constituting System 1, 2cl, 2c2 servo amplifiers constituting 
System 2, and 25b a GOFF detector connected to System 2. While 
an example of numerical control and servo amplifiers is shown 
in the figure, spindle amplifiers or remote I/O units may be 
used instead of servo amplifiers. 

The GOFF detector 25c that constitutes System 2 transmits 
occurrence of GOFF to the servo amplifier 2c2 when gating off 
has occurred. The servo amplifier that constitutes System 2, 



receiving occurrence of GOFF from the GOFF detector 25c, sets 
GOFF bit to bit 1 of the emergency stop information section 
2 0 of a communication frame to be transmitted to the NC apparatus 
and occurrence of GOFF of System 2 to GOFF system information 
24 in bit 4 through bit 7 , while executing gating off processing . 
The servo amplifier 2cl that constitutes System 2 checks the 
occurrence of GOFF in bit 1 and instruction of System 2 in the 
GOFF system information 24 in bit 4 through bit 7, then the 
servo amplifier 2cl and the servo amplifier 2c2 execute gating 
off processing. The servo amplifier 2bl and the servo amplifier 
2b2 that constitute System 1 together with the GOFF detector 
25b, checking the occurrence of GOFF in bit 1 of the emergency 
stop information section 20 and instruction of System 2 in the 
GOFF system information in bit 4 through bit 1, continues 
processing without executing gating off processing. 

Embodiment 2 provides the emergency stop information 
section 20 of a transmission frame with GOFF information in 
order to specify a system to be gated off. In this embodiment, 
control systems are allocated to peripheral devices such as 
servo amplifiers, spindle amplifiers and remote I/O units and 
a peripheral device executes gating off processing only when 
bit 1 of the emergency stop information section 20 of a received 
transmit frame is ''occurrence of GOFF'' and a system to be gated 
off is specified in the GOO system information in bit 4 through 
bit 7 matches the allocated control system. 



As mentioned earlier, peripheral devices connected to 
numerical control can be controlled by splitting the devices 
into aplurality of systems as candidates for simultaneous gating 
off- It is thus possible to gate off only a system that needs 
gating off, without gating off the entire NC system, that is, 
the other system (s) that requires no gating off can continue 
operation, thereby assuring effective operation of the NC 
system. 
Embodiment 3 

Fig^ 7 shows a command used in initial communications 
in an NC system according to Embodiment 3 of the invention. 
In the figure, a numeral 30 represents a port connection 
confirmation command, 31 a response to a port connection 
confirmation command, 32a a port information command, 32b an 
I/O code appended by a remote I/O unit, 32c a servo code appended 
by a servo amplifier, 32d a spindle code appended by a spindle 
amplifier, 33a a node count notice command having node count 
data 33b representing the number of connected devices 
(hereinafter referred to as the node count) and station address 
data 33c, 34a a communication timing setup command having data 
34b representing a reception timing, data 34c representing a 
transmission timing of a remote I/O unit, data 34d representing 
a transmission timing of a servo amplifier, and data 34e 
representing a transmission timing of a spindle amplifier. 
Fig. 8 is a flowchart in the initial communications on 



the NC apparatus in an NC system according to Embodiment 3 of 

the invention . 

Fig* 9 and Fig. 10 are flowcharts in the initial 

communications on the peripheral devices (driving amplifiers 

such as servo amplifiers and spindle amplifiers and remote I/O 

units) in anNC system according to Embodiment 3 of the invention. 

Referring to Figs. 7 through 10, initial communications 

will be described in an NC system according to Embodiment 3 

of the invention. 

The NC apparatus transmits a port connection confirmation 
command 30 from Port 2 to a peripheral device in step SI shown 
in Fig. 8. In step 32, the NC apparatus checks whether the 
response to a port connection confirmation command 31 has been 
received at Port 2 from the peripheral device. In case the 
response to a port connection confirmation command 31 has not 
been received, the NC apparatus checks whether a prespecified 
time has elapsed in step S3. In case the prespecified time 
has not elapsed, execution returns to step S2 . In case the 
response to a port connection conf iormation command 31 is not 
returnedwhen the prespecified time has elapsed, the NC apparatus 
determines connection NG in step S4. 

In case the NC apparatus has received the response to 
a port connection confirmation command 31, the NC apparatus 
checks whether a port information command 32 has been received 
at Port 2 from the peripheral device in step S5. In case the 
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port information command 32 has not been received, the NC 
apparatus checks whether the prespecified time has elapsed in 
step S6, In case the prespecified time has not elapsed, 
execution returns to step S5. In case the port information 
command 32 is not returned when the prespecified time has elapsed, 
the NC apparatus determines connection NG in step S7* 

In case the NC apparatus has received the port information 
command 32, the NC apparatus recognizes the connection state 
of peripheral devices connected to the NC apparatus such as 
servo amplifiers, spindle amplifiers and remote I/O units from 
the I/O code, servo code, spindle code written in the port 
information command and the order of writing, then calculates 
the node count, station address and transmission timing in step 
S8* In step S9, the NC apparatus transmits a node count notice 
command 33a and a communication timing setup command 34a from 
Port 2. 

A peripheral device turns OFF the data processing mode 
in step SIO shown in Fig. 9. In step Sll, the peripheral device 
checks whether a port connection command 30 has been received 
at Port 1 or Port 2. In case the port connection confirmation 
command 30 has not been received, the peripheral device checks 
whether a prespecified time has elapsed in step S12. In case 
the prespecified time has not elapsed, execution returns to 
step 11, In case the port connection confirmation command 30 
is not returned when the prespecified time has elapsed, the 



peripheral device determines no connection in step S13, 

In case the peripheral device has received the port 
connection confirmation command 30, the peripheral device 
checks whether the port connection confirmation command has 
been received at Port 1 or Port 2 . In case the port connection 
confirmation command 30 has been received at Port 2, execution 
proceeds to step S30 in Fig. 10. In case the port connection 
confirmation command 30 has been received at Port 1, execution 
proceeds to step S14. 

In case the peripheral device has confirmed reception 
of the port connection confirmation command 30 at Port 1, the 
peripheral device promptly returns a response to a port 
connection confirmation command 31 from Port 1 to the NC 
apparatus as well as transmits the port connection confirmation 
command 30 from Port 1 to downstream nodes in step S15. 

In step S16, the peripheral device has confirmed reception 
of the response to a port connection confirmation command 31 
at Port 2 . In case the response to aport connection confirmation 
command 31 has not been received, the peripheral device checks 
whether a prespecified time has elapsed in step S17. In case 
the prespecified time has not elapsed, execution returns to 
step SI 6 • In case the response to a port connection confirmation 
command 31 is not received when the prespecified time has elapsed, 
the peripheral device transmits a port information command 32 
from Port 1 in step S18 . In case the response to a port connection 
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confirmation command 31 is not received when the prespecified 
time has elapsed at Port 2 in steps S16 and S17, the peripheral 
device determines that no downstream nodes are connected to 
Port 2, that is, the peripheral device is the most downstream 
node • 

In step S19, the peripheral device checks whether a port 
information command 32 has been received at Port 2. In case 
the port information command 32 has not been received, the 
peripheral device checks whether a prespecified time has elapsed 
in step S20. In case the prespecified time has not elapsed, 
execution returns to step S19. In case the port information 
command 32 is not returned when the prespecified time has elapsed, 
the peripheral device determines connection NG in step S21, 
In case the port information command 32 is received at 
Port 2, the peripheral device appends a code to the tail of 
the received port information command 32 in step S22 and 
transmits the resulting command from Port 1- Fig. 7(d) shows 
a state of the received port information command 32a where an 
I/O code 32b, a servo code 32c and a spindle code 32d are appended 
in the order to the remote I/O unit, servo amplifier, and spindle 
amplifier. 

In step S23, the peripheral device checks whether a node 
count notice command 33a and a communication timing setup command 
34a have been received. In case the node count notice command 
33a and the communication timing setup command 34a have not 
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been received, the peripheral device checks whether a 
prespecified time has elapsed in step S24. In case the 
prespecified time has not elapsed, execution returns to step 
S23. In case the node count notice command 33a and the 
communication timing setup command 34a are not received when 
the prespecified time has elapsed, the peripheral device 
determines connection NG in step S25* 

In case the peripheral device have received the node count 
notice command 33a and the coiraaunication timing setup command 
34a in step S23, the peripheral device recognizes in which 
ordinal rank from the NC apparatus the peripheral device is 
connected and its own communication timing. The peripheral 
device then retains the assigned station address, reception 
timing and transmission timing in step S26. 

While in the foregoing example NC apparatus calculates 
a station address in step S8 in Fig. 8 and transmits node count 
data 33b and office address data 33c as a node count notice 
command 33a to a peripheral device in step S9, the NC apparatus 
may transmit node count data 33b alone as a node count notice 
command 33a without calculating a station address and the 
peripheral device may calculate the station address based on 
the node count data 33b . In this case, it is necessary to transmit 
the calculated station address to the NC apparatus. 

Fig. 10 shows the processing in a peripheral device 
performed in case reception of a port connection confirmation 
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coinmand 30 is confirmed at Port 2 in step Sll in Fig. 11. Steps 
S30 through S42 in Fig. 10 are the similar to steps S14 through 
S2 6 that branches in case reception of a port connection 
confirmation command 30 is confirmed at Port 1 in the step Sll, 
although the role of Port 1 is opposite to that of Port 2. 

In Embodiment 3, NC apparatus and peripheral devices that 
constitute an NC system shown in Figs. 8 through 10 check the 
connection state of peripheral devices and set an office address 
and a transmission timing in a communication cycle in 
time-division-based communications in accordance with 
flowcharts shown in Figs . 8 through 10 . This prevents a setting 
error in setting IDs and omits cumbersome work and ID setup 
switches . 
Embodiment 4 

Fig. 11 shows the state of data transmission by an optical 
transmission module in an NC system according to Embodiment 
4 of the invention. In the figure, a numeral (XI, X2) represents 
a servo synchronization signal output delay time from reception 
of a servo synchronization frame by a servo amplifier (#1, #2) 
to output of a servo synchronization signal, Y (Yl, Y2,..., 
Y37) a transmission timing for a servo amplifier {#1, #2, . . ., 
#37) to transmit reception of a servo synchronization frame 
after receiving a servo synchronization frame . While an example 
of numerical control and servo amplifiers is shown in the figure, 
spindle amplifiers or remote I/O units may be used instead of 
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servo amplifiers. 

In case synchronous control is made, a servo amplifier 
uses a synchronization signal to start synchronous control 
processing. In a serial connection using optical transmission 
modules, the time from reception of a servo synchronization 
frame by NC apparatus to reception of a servo synchronization 
frame by a servo amplifier is subject to a delay caused by data 
processing. That is, a time lag occurs in the synchronization 
signal receiving time depending on in which ordinal rank from 
the NC apparatus the servo amplifier is connected. 

A receiving controller of a servo amplifier according 
to Embodiment 4 calculates the servo synchronization signal 
output delay time X (XI, X2, . . .) as a time required until the 
servo amplifier #37 connected most downstream receives a servo 
synchronization frame after a servo synchronization frame is 
received ^rom the NC apparatus acting as a host in initial 
communications. After that, the receiving controller, 
receiving a servo synchronization frame, outputs a servo 
synchronization signal with a delay of the servo synchronization 
signal output delay time X. A transmission controller of a 
servo amplifier according to Embodiment 4 determines in which 
ordinal rank the servo amplifier is connected based on the 
connection information on peripheral devices, and calculates 
the transmission timing Y (Yl, Y2, . . ., Y37) . After that, the 
transmission controller, receiving a servo synchronization 



frame, transmits reception of a servo synchronization frame 
with a delay of the transmission timing Y. 

In the case of a servo amplifier #1 for example, the servo 
amplifier #1 transmits reception of a servo amplifier frame 
immediately after it has received a servo synchronization frame, 
but transmits a servo synchronization signal with a delay of 
the servo synchronization signal output delay time X* In the 
case of a servo amplifier #37 connected most downstream, the 
servo amplifier #37 outputs a servo synchronization signal 
immediately after it has received a servo synchronization frame, 
but transmits reception of a servo amplifier frame with a delay 
of the transmission timing Y37* 

A servo amplifier according to Embodiment 4, receiving 
a servo synchronization frame, outputs a servo synchronization 
signal when the servo amplifier connected most downstream has 
received a servo synchronization frame . This allows correction 
of out-of-synchronization between servo amplifiers caused by 
a transmission delay so that a synchronization timing is provided, 
thereby performing synchronization processing of a plurality 
of servo amplifiers constituting an NC system. Reception of 
a servo synchronization frame is transmitted with a timing 
calculatedbasedon the connection information on the peripheral 
devices obtained in initial communications. This prevents 
overlapping of transmission/reception timings caused by a 
transmission delay due to data processing. 



Eiabodiiuent 5 

Fig. 12 shows a transmit frame transmission timing setup 
command for communications between servo amplifiers in an NC 
systemaccording to Embodiment 5 of the invention. In the figure, 
a numeral 35 represents an inter-servo-amplifier communication 
frame transmission timing setup command transmitted from NC 
apparatus to a servo amplifier #1, 35a an inter-servo-amplifier 
communication frame transmission timing setup command, 35b an 
address destined for the servo amplifier #1, and 35c a 
transmission timing value. A numeral 36 represents an 
inter-servo-amplifier communication frame transmission timing 
setup command transmitted fromNC apparatus to a servo amplifier 
#2, 36a an inter-servo-amplifier communication frame 
transmission timing setup command, 36b an address destined for 
the servo amplifier #2, and 36c a transmission timing value. 

When communications between servo amplifiers, in step 
S8 in the flowchart for initial communications on NC apparatus 
shown earlier in Fig. 8, the NC apparatus recognizes the number 
of peripheral devices connected as an NC system and the 
connection order then calculates a reception timing and a 
transmission timing as well as calculates a transmission timing 
for the servo amplifier #1 to transmit a communication frame 
#11 and a transmission timing for the servo amplifier #2 to 
transmit a communication frame #12 based on the data volume 
of communication frames transmitted from the NC apparatus to 



servo amplifiers, the data volume of the communication frame 
#11 which the servo amplifier #1 transmits to the servo amplifier 
#2 and the data volume of the communication frame #12 which 
the servo amplifier #2 transmits to the servo amplifier #3, 
then transmits an inter-servo-amplifier communication frame 
transmission timing setup command 35, 3 6 to a servo amplifier. 
In step S26 in the flowchart for initial communications 
on a peripheral device shown earlier in Figs. 9 and 10, a servo 
amplifier that performs communications between servo 
amplifiers retains a reception timing and a transmission timing 
transmitted from NC apparatus as well as retains an 
inter-servo-amplif ier communication frame transmission timing 
setup command 35, 36 transmitted from the NC apparatus. 

A servo amplifier that performs communications between 
servo amplifiers performs communications between servo 
amplifiers based on the inter-servo-amplifier communication 
frame transmission timing setup command 35, 36 without 
overlapping the communications between servo amplifiers on the 
communications from NC apparatus to a servo amplifier. 

Fig. 13 shows a flow of data transmitted fromNC apparatus 
to servo amplifiers in an NC system according to Embodiment 
5 of the invention. Fig. 14 shows a flow of data transmitted 

from servo amplifiers to NC apparatus in an NC system according 
to Embodiment 5 of the invention. In the figure, data flow 
is explained taking as an example anNC system where NC apparatus. 



a servo amplifier #1, a servo amplifier #2 and a servo amplifier 
#3 are daisy-chained* 

The NC apparatus transmits communication data from Port 
1 to the servo amplifier #!• 

The servo amplifier #1, receiving at Port 1 communication 
data transmitted from the NC apparatus, transmits a servo 
amplifier #1 transmit frame from Port 1 to NC apparatus. Then, 
the servo amplifier #1 transmits from Port 2 to the servo 
amplifier #2 communication data transmitted from the NC 
apparatus and communication data #11 passed from the servo 
amplifier #1 to the servo amplifier #2. 

The servo amplifier #2, receiving at Port 1 communication 
data transmitted from the NC apparatus via the servo amplifier 
#1 and communication data #11 from the servo amplifier #1, 
transmits servo amplifier #1 transmit frame from Port 1 . Then, 
the servo amplifier #2 transmits from Port 2 to the servo 
amplifier #3 communication data transmitted from the NC 
apparatus and communication data #12 passed from the servo 
amplifier #2 to the servo amplifier #3. In this case, when 
the address in the communication frame of communication data 
#11 from the servo amplifier #1 specifies the servo amplifier 
#3 also, the servo amplifier #2 also transmits communication 
data #11 to the servo amplifier #3. 

The servo amplifier #3, receiving at Port 1 communication 
data transmitted from the NC apparatus via the servo amplifier 



#1 and the servo amplifier #2, communication data #11 from the 
servo amplifier #1 and communication data #12 from the servo 
amplifier #2, transmits servo amplifier #3 transmit frame from 
Port 1- 

The servo amplifier #2^ receiving at Port 2 servo amplifier 
#3 transmit frame from the servo amplifier #3, transmits the 
servo amplifier #3 transmit frame from Port 1 to the servo 
amplifier #1. 

The servo amplifier #1 , receiving at Port 2 servo amplifier 
#2 transmit frame or servo amplifier #3 transmit frame from 
the servo amplifier #2, transmits the servo amplifier #1 transmit 
frame 1 or servo amplifier #3 transmit frame from Port 1 to 
the NC apparatus- 

The NC apparatus receives at Port 1 the servo amplifier 
#1 transmit frame, servo amplifier #2 transmit frame and servo 
amplifier #3 transmit frame transmitted from the servo amplifier 
#1. 

While the foregoing example explains the operation of 
servo amplifiers specified in the address of a communication 
frame in communications between servo amplifiers, servo 
amplifiers to perform communications between servo amplifiers 
may be specified as a common address. 

According to Embodiment 5, communications between servo 
amplifiers is possible not via NC apparatus so that high-speed 
inter-shaft correction is allowed. 



In coinmunications using related art optical transmission 
modules, ALM information is only transmitted in upstream 
direction of the connection so that servo amplifiers downstream 
in the connection of a servo amplifier where an alarm has taken 
place cannot receive the corresponding ALM information. These 
servo recognizes the ALM information only when they have received 
a communication frame the NC apparatus transmitted after 
receiving the ALM information. In Embodiment 5, it is possible 
to promptly transmit ALM information also to servo amplifiers 
downstream in the connection of a servo amplifier where an alarm 
has taken place. 

While communications between servo amplifiers are 
described in the foregoing example, communications between 
peripheral devices including servo amplifiers, spindle 
amplifiers and remote I/O units that constitute an NC unit are 
likewise possible and corresponding description is omitted. 

Communications between a driving amplifier (servo 
amplifier, spindle amplifier) and a remote I/O unit are made 
available so that a driving amplifier can directly fetch data 
from a remote I/O unit for high-speed processing. 
Embodiment 6 

Fig. 15 is a logic diagram showing a feature to 
relay-transmit an emergency stop related signal in a 
communication controller in anNC system according to Embodiment 
6 of the invention. 
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In case a coinmunication frame receivedby a Port 1 receiving 
controller/Port 1 receiving controller includes information 
related to emergency stop {Rxl-ALM/Rx2-ALM, Rxl-G0FF/Rx2-G0FF, 
Rxl-EMG/Rx2-EMG) , output processing such as ALM output, GOFF 
output and EMG output is performed. The information related 
to emergency stop (Rxl-ALM/Rx2-ALM, Rxl-G0FF/Rx2-G0FF, 
Rxl~EMG/Rx2-EMG) is latched (ALM1/ALM2, G0FF1/G0FF2, 
EMG1/EMG2) and emergency stop information (Txl-ALM/Tx2-ALM, 
Txl-G0FF/Tx2-G0FF, Txl-EMG/Tx2-EMG) is appended to a 
communication frame to be transmitted from the Port 1 
transmission controller/Port 1 transmission controller, 
together with information related to emergency stop such as 
AIM input, GOFF input and EMG input. 

In communications using related art optical transmission 
modules, in case transmission abnormalities such as a bit error 
caused by a noise during data processing of information related 
to emergency stop in a driving amplifier in 
transmitting/receiving a signal related to emergency stop such 
as ALM, GOFF, and EMG, information related to emergency stop 
is not conveyed to the NC apparatus within the communication 
cycle thus causing a delay in emergency stop. IN Embodiment 
6, the emergency stop information is relay-transmitted thus 
reducing the risk of delay in conveyance of emergency stop 
information caused by transmission errors. 
Embodiment 7 



Fig. 16 shows a feature to prevent occurrence of an 
unnecessary start flag in a communication control buffer in 
an NC system according to Embodiment 7 of the invention. 

In order to prevent a specific pattern as a flag from 
occurring during data processing of effective data in 
communications using optical transmission modules as a related 
art example, the number of data pieces in one-round transmit 
frame is limited so as to prevent the pointer passing phenomenon 
and the write pointer 92 is placed 16 bits apart from the read 
pointer each time the flag of a frame is received. Limitation 
n dummy data pieces is difficult in data processing of dummy 
data in idle state so that a countermeasure against occurrence 
of a specific bit pattern remains difficult. 

For example, as shown in Fig. 16(a), in case the read 
pointer has moved when data having the bit structure 
^^011011010011" is being read with the specific bit pattern as 
a flag being ^'01111110" and the bit structure ^'001" is skipped 
and the next data to read has the bit structure ''''11110," the 
resulting bit structure is ^^01111110" which is a specific bit 
pattern serving as a flag, causing the bit pattern to be 
determined as a flag. 

In Embodiment 7, In case the read pointer of bit FIFO 
in the communication control buffer (not shown) has passed the 
write pointer or in case the communication control buffer is 
reset, a bit pattern obtained after the read pointer has moved 



is changed so that it will not match a specific bit pattern 
serving as a flag. For example, as shown in Fig. 16(b), in 
case the bit patterns combined in case the read pointer has 
moved results in the specific bit pattern ^'01111110'' serving 
as a flag, a bit is changed to '^0'' to change the bit pattern 
to one that does not match the specific bit pattern serving 
as a flag. 

Concerning the data processing of dummy data in idle state, 
it is also possible to prevent inadvertent occurrence of a bit 
pattern serving as a flag. 
Embodiment 8 

Fig. 17 shows a method for providing a balance with the 
bit count in a flag in data transmission using optical 
transmission modules in an NC system according to Embodiment 
8 of the invention. 

In Fig. 17(a) , in case the bit pattern of the start flag 
is '^001111110" and dummy data provided at the head and tail 
of a transmit frame is ''0110001101," after the start flag is 
transmitted, dummy data with the bit pattern changed to 
'^0010010010" is transmitted in order to provide a balance of 
bit count with the start flag (the number of Is is equal to 
the number of Os for start flag + dummy data) . 

In Fig. 17 (b) , in case the bit pattern of the start flag 
is "001111110" and dummy data provided at the head and tail 
of a transmit frame is "0110001101, " a plurality of combinations 
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of a bit pattern and dummy data (three in the figure) are 
transmitted in order to provide a balance of start flag and 
bit count (the number of Is is equal to the number of Os for 
start flag + dummy data) • 

InEmbodiment 8, thebitpatternof a start flag is combined 
with dummy data for transmission in order to provide a balance 
of start flag and bit count. Thus it is possible to readily 
solve the problem of imbalance between the incidence of Is and 
Os in a single communication cycle caused by a flag, thereby 
successfully extracting the data component and the clock 
component in the receive data. 

Industrial Applicability 

As mentioned earlier, the invention allows high-speed 
and efficient communications between devices in a numerical 
control system having numerical control apparatus and 
peripheral devices composed of at least one of a servo amplifier, 
a spindle amplifier and a remote I/O unit, and enables automatic 
recognition of peripheral devices connected. Thus the 
invention is fit for use in a numerical control system where 
a large number of peripheral devices are included. 



Claims 

1. A numerical control system wherein numerical control 
apparatus and peripheral devices composed of at least one of 
a servo amplifier, a spindle amplifier and a remote I/O unit 
are serially connected by using a communication cable composed 
of a data transmission cable for transmission and a data 
transmission cable for reception in order to perform 
time-division-based communications between said numerical 
control apparatus and said peripheral devices, characterized 
in that a communication cycle in communications between said 
numerical control apparatus and saidperipheral devices is split 
into a plurality of sub cycles in order to process data to be 
processed in said communication cycle in said split plurality 
of sub cycles. 

2. A numerical control system according to claim 1, 
characterized in that an emergency stop information section 
is provided in a communication frame used in communications 
between said numerical control apparatus and said peripheral 
devices in order to provide an emergency stop information section 
in each piece of data split into said plurality of sub cycles, 

3. A numerical control system according to claim 2, 
characterized in that a receiving controller in each of said 
niimerical control apparatus and saidperipheral devices checks 
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the emergency stop information section in the received 
communication frame irrespective of the station address 
specified in the transmitted communication frame in case a 
receiving error has not occurred. 

4. A numerical control system according to claim 2, 
characterized in that a gating off system information section 
for specifying a system to be gated off in said communication 
frame, that said numerical control apparatus specifies a system 
to be gated off in said gating off system information section 
before transmitting the frame to said peripheral device in case 
gating off is to be instructed, and that said peripheral device 
performs gates off said peripheral device on a per gating off 
system specified, by performing gating off when the system that 
belongs to the gating off system information section of a 
received communication frame is specif iedas a gatingoff system. 

5. A method for setting a communication timing in the 
numerical control system, wherein numerical control apparatus 
and peripheral devices composed of at least one of a servo 
amplifier, a spindle amplifier and a remote I/O unit are serially 
connected by using a communication cable composed of a data 
transmission cable for transmission and a data transmission 
cable for reception in order to perform time-division-based 
communications between said numerical control apparatus and 



said peripheral devices, 

wherein said numerical control apparatus follows a step 
of transmitting a port connection confirmation command to said 
peripheral device in initial communications, 

a step of recognizing the connection state of said 
peripheral devices and calculating the number of saidperipheral 
devices connected and the transmission timing of each of said 
peripheral devices from the number of model codes and the order 
of model codes appended to a port information command in case 
a response to a port connection confirmation command and a port 
information command are received from said peripheral device, 
and 

a step of transmitting said calculated number of 
connections and transmission timing to said peripheral device 
as a node count notice command and a communication timing setup 
command, and 

wherein saidperipheral device follows, on receiving said 
port connection confirmation command, a step of transmitting 
said response to a port connection confirmation command to 
upstream nodes as well as transmitting said port connection 
confirmation command to downstream nodes, 

a step of appending a model code allocated to said port 
information command in advance and transmitting the resulting 
command to upstream nodes, and 

a step of retaining said number of connections and 



transmission timing specified in said node count notice command 
and communication timing setup command in case said node count 
notice command and communication timing setup command are 
received, 

characterized in that the communication timing of said 
peripheral device is automatically set via initial 
communications between said numerical control apparatus and 
said peripheral devices ♦ 

6. A numerical control system according to claim 1, 
characterized in that said peripheral device, on receiving a 
synchronization frame transmitted from said numerical control 
apparatus in initial communications, outputs a synchronization 
signal and calculates the time required for said peripheral 
device as the most downstream node to receive said 
synchronization frame* 

7. A numerical control system according to claim 6, 
characterized in that said peripheral device calculates a 
transmission timing that considers a transmission delay between 
peripheral devices based on the connection information 
transmitted from said numerical control apparatus in initial 
communications • 



8* 



A numerical control system according to claim 6, wherein 



said numerical control apparatus and said peripheral device 
each has a transmission controller for Port 1, a receiving 
controller for Port 1, a transmission controller for Port 2, 
and a receiving controller for Port 2, 

characterized in that said numerical control apparatus 
recognizes the connection state of said peripheral devices, 
calculates the niomber of said peripheral device nodes and the 
transmission timing of each of said peripheral devices, 
calculates the transmission timing in communications between 
said peripheral devices from the data volume of communication 
frames transmitted to saidperipheral devices and the data volume 
of communication frames transmitted by saidperipheral devices 
in communications between peripheral devices, and transmits 
the transmission timing to said peripheral devices, 

and that said peripheral device retains the node count 
and transmission timing transmitted from said numerical control 
apparatus in initial communications as well as the transmission 
timing in communications between peripheral devices in order 
to perform communications between peripheral devices by using 
the transmission timing in the communications between 
peripheral devices • 

9* A numerical control system according to claim 1, wherein 
said numerical control apparatus and said peripheral device 
each has a transmission controller for Port 1, a receiving 
controller for Port 1, a transmission controller for Port 2, 
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and a receiving controller for Port 2, 

characterized in that said numerical control apparatus, 
on occur rence of an alarm, transmits alarm information to devices 
connected upstream of said transmission controller for Port 
1 as well as nodes downstream of said transmission controller 
for Port 2, 

10 • A numerical control system according to claim 9, 
characterized in that information such as an alarm, gating off, 
and emergency stop included in a communication frame received 
by Port 1 receiving controller or Port 2 receiving controller 
is latched and the information is appended to a communication 
frame to be transmitted from a Port 2 transmission controller 
or Port 1 transmission controller. 

11. A numerical control system according to claim 1, 
characterized in that, in case the write pointer is out of 
synchronization with the read pointer in the communication 
control buffer or in case the communication control buffer is 
reset, a first bit pattern output after the read pointer has 
moved is not a specific bit pattern serving as a flag. 

12. A numerical control system according to claim 1, 
characterized in that dummy data is created for balancing the 
bit pattern of a start flag and the bit count in data transmission 
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using optical transmission modules so as to transmit the dummy 
data in combination with the start flag. 
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FIG. 5 
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FIG. 16 (a) 
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to my name. 
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name is listed below) or an origina!, first and joint inventor (if 
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(if applicable). 
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Internationa} application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112^ I acknowledge 
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